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Paul Day 
U.S. Environmental Protection A~ency 
federal Building - Room 178 
825 Jndwi.!1 A vcn11c~ 
Richlanr\ Washington 99352 

Dear Paul, 

January 6, 1989 

Attached find a copy of NOAA's Preliminary Natural R~source Survey for the four 
Hanford aggregate (100, 200, 300 and 1100) Superfund sites. As we discussed on the 
phone, it was not possible to incorporate your comments in the PNRS as it went final 
(official submission to Kathy Davidson) before Christmas. However, I rud record yoi· 
comments and we will benr them in mind when reviewing work plans. Can I count on yuu 
to share a copy of the PNRS with DOE and Batelle, or would you prefer that I send them a 
copy? 

Thanks again for your help in getting NOAA plugged into the loop o.t the Hanford sites. 

Sincerely, 

, .-J/ ( / I 

- -~~ ... ,... !.,. ,,,, •- ••.., '• ~, ~ • ,,r . ' I 

Lew Consiglieri 

anachmcrn 11D~~~!I 
EDMC 
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NATIONAL OCEANIC AND ATMOSPHERIC AD!\HNISTRATION 
PRELIMINARY NATURAL RESOURCE SURVEY 

Hanford 
Richland, Washington 

WA 7890008967 Site ID: 97 
December 9, 1988 

FINDINGS Of FACT ---------------------------------
SITE EXPOSURE POTENTIAL 

Site History 

The U.S. Department of Energy's (DOE) Hanford site was originally established in 1943 
artd was designed, built, and opc:ratcd by the U.S. Government to conduct research and 
development work emphasizing nuclear energy technology. The site occupies 
approximately 1,500 square kilometers and 355 individual waste disp<>sal locations (now 
inactive) arc present. Due to the large area and number of disposal sites, four aggregrnte 
areas have been designated: the 100 Area, 200 Area, 300 Area, and 1,100 Area (Figure 1). 
Within the aggregrate areas, 75 operable units have been identified. Waste disposal 
locations within these areas range in size from small gravel-lined open ditches where a few 
liters of liquid wastes were disposed of, to large multiple-trench burial grounds where 
hundreds of thousands of cubic meters of solids were placed. A breakdown of the inactive ( 
waste disposal sites shows that approximately 6% of the total number of inactive waste 
disposal sites received only radioactive wastes, 10% received predominantly water and 
radioactive wastes, and 84% contained mixtures of radioactive and chemical wastes. 

The 100 Area is adjacent to the C lurnbia River in the nonhern section of the Hanford site 
and contains nine inactive nuclear reactors which produce.cl plutonium and generated 
electricity. An estimated 3.3 billion cubic meters of solid and liquid waste comprised of 
radioactive, mixed, and hazardous constituents were disposed of in cribs, trenches, and 
burial grounds in over 110 waste disposal locations in the 100 Area (EPA 1987a). 

The 200 Area is in the center of the Hanford site and is used by DOE for the ~overy of 
plutoniwn and also to process and store waste m3.terials. An estimated 765 million cubic 
meters of solid and dilute liquid wastes comprised of radioactive, mixed, and hazardous 
constituents were disposed of in over 230 waste disposal locations (EPA 1987b). 

The 300 Area is adjacent to the Columbia River in the southern portion of the site and has 
oeen used by DOE to fabricate nuclear reactor fuel. An estimated 20.6 million cubic meters 
of radioactive, hazardous and mixed waste materials have been placed in.14 disposal 
locations (EPA 1987c). 

The 1100 Area is about 1.5 kilometers nonh of the city of Richland and just south of the 
300 Area and is used by DOE for equipment maintenance operations. An estimated 56,775 
liters of waste banery acid were disposed of in an unlined sand pit. Also, an unknown 
:unocnt of waste antifreeze was placed in a 19,000 liter underground tank (EPA 1987d). 

In addition to waste <lisposal areas on-site, ilie facilities at Hanford also disch.uged he:ite.d 
effluent from cooling wat~ to the Columbia River (Becker 1985). From 1943 to 1971, 
the Columbia River received cooling water from up to nine plutonium prod11ction reactors 

·\ 
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with effluent temperatures discharged generally exc~ng 85° F. From 1964 to 1971. 
the$C single purpose plutoniwn production rcJ.Ctors were <Jeactivated. Presenl.ly, 
discharges to the Columbia Riv~ are reg\llated by an NPDES permit which covers eight 
discharges from the Hanford :;itc. Seven of the eight discharges arc located in the 100 A.rca 
with the other discharge in the 300 A.rea. Five of the seven discharges in the 100 Arca are 
covered by maximum daily tempera~ limitS which generally range from 69-77° F. The 
existing NPDES permit was issued on December 7, 1981 and expired December 31, 1985. 
EPA i!i currently draftin ·. new NPDES pcnnit (Mosbaugh, p¢rSOnaJ communication 
1988). 

Phy~ic:il Description 

The Hanford site is loc:ited. in a rural region of southeastern Washington State north of the 
town of Richland in Benton County and occupies an area of 1.,500 square kilometers. The 
Columbia River borders the northern and eastern boundaries of the Hanford site for 
approximately 90 kilometers (Ficlceiscn 1980). This section of the Columbia River is 
known as the Hanford Reach and is the only remaining free-flowing stretch of the 
Columbia River within the United States. The Columbia River, which originates in the 
mountains of eastern British Columbia, Canada, drains a total area of approximately 
70,800 square kilometers and flows for 560 kilometers from the site enroutc to the Pacific 
Ocean. The flow of the Columbia River within the United Suues is regulated by 11 dams, 
with 7 upstream and 4 downstream from the Hanford site. All of the four dams below 
Hanford have fish pass.age facilities -that allow anadromous fish access to the site. · The 
Priest RApids Dam. is approx.imacely 5 kilometers upstream of the site, and the McNary 
Dam is XO kilometers below the site. · 

F1ow rates in the Hanford Reach area arc primarily reg1,1latcd by tho variable power 
production ~uirements of Prie::;t Rapids Dam which can cause significant fluctuation in_ 
the Columbia River. The regulaced mirumum flow rate of 1,000 cubic meters per second 
(ems) at Priest Rapids Dam can range up to 7,000 ems during typical flows and can 
increase to as much as 15,300 ems during peak spring flow. The maximum flood of 
record was 19,250 ems in 1948. The width of the river in the Hanford reach varies 
between 300 and 600 meters with an average depth of 8 meters. Daily fluctuations in depth 
caused by release from the Priest Rapids Darn can be as much as 3 meters just below the 
dam and 1.5 meters along the Hanford site. 

The groundwater resources at the Hanford site consist of both confined and unconfo1ed. 
aqui.f~. In general, the unconfined or water table aquifer slopes downward and flows 
from west to east towards the Columbia River. The depth from the ground surface to the 
water table ranges from less than 0.3 meters near the Colwnbia River to over 106 meters in 
the center of the Hanford site area. This relatively shallow unconfined aquifer has been 
affected by wastewater disposal at Hanford more than the confined., deeper aquifers (RHO 
1981). It is estimated that some wastewater additions to the groundwater may .be as much 
as 10 times the annual natural recharge. The major contaminant transport pathway from the 
Hanford site to the Columbia River is groundwater flow. Surface water runoff is 
negligible due to low rainfall, high evaporation, relatively level topography; and high soil 
infiltrative rates and capacity. 

CHEMICAL HAZARDS 

Contarninnnrs and Concentrnti o sls 

The major contaminants of concern for the protection of natur.tl resources in the 100, 200, 
300, and 1100 Areas are radionuclides and inorganic and organic contaminants. The 
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with effluent tempe.ratUI'CS discharged generolly e~ceeding 85° F. From 1964 to 1.911. 
these ring.le purpose plutoniwn production rcacto~ were deactivau-,.,.d. Presently, 
d\schnrges to the Columbia River~ regulo.ted b}' an NPDES pennit which covers eight 
discharges from the Ranford site. Seven of the eight discharges are located in the 100 A.rcn 
with the other discharge in the 300 Area. Five of the seven discharges in the 100 Area are 
covered by nwumum daily tempera~ lµnits whic:h generally range frott169-77° F. 11\e 
existing NPDES permit was issued on December 7. l 981 and expired Deceo1ber 31, 1985. 
EPA i!; currently draftin·. new NPDES permit (Mosbaugh, personal communication 

1988). 

Physic31 Description 

The Hanford site is located in a rural region of southeastern Washington State north of the 
'---1-,._..1 :_ n .. ~rnun.tv_a.n.d..occuoie_s_an area of 1..500 square kilometers. The 
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majority of the dam concerning environmentnl contamination comes from DOE 
groundwater and surface wmer monitoring activities for radionuclides. TI1ese nctivirics 
have vm.ficd the rnov~enc of Hanford-~lat~d mat.erinh in the unconfined aq1.llfer to lhe 
Columbia River but only specific indic:uor substances were monitOt"ed (PNL 1984a). 
These indicator substances included the radionuclides strontium-90, tritium, iodine-129 and 
uranium~ t11e inorganic substances chromium and cyanide: and the volatile organic 
compound carbon tetrachloride. Even though they were known to have been discharged, 
very little information exists regarding the concentrations of hazardous chemicals and 
rnr..rnls in grnundw.itcr, surface water, soils, or setlirnentS. 

100 Atta 

The disposal locations and plumes of contaminated groundwruer in the 100 Area cover 
approximately 28.5 square kilometers (EPA 1987a). Chemical substances historically 
associated with reactor operations in the 100 Area include several radioactive isotopes, 
industrial acids and bases, various metal salts, and individual metallic species. The 
compounds with the greatest toxicity and longest persistence would include uranium, lead, 
mercury, dichromate, and plutonium (DOE 1986). 

Groundwater monitoring in the 100 Area includerl measurements of strontium-90 and 
chromium (fable 1 ). Low levels of strontium-90 have been detected in the groundwater 
beneath the 100 Area as well as in the Columbia River. These levels of radioactivity are 
less than levels observed to be toxic to aquatic organisms (Blaylock and Trabalka 1978). 
Chromium has also been detected in the groundwater at leveluwo orders of magnirude 
above the ambient water quality criterion of 16 µg/1 (EPA 19~for the protection of 
freshwater organisms. Chromium in Columbia River surface waters has been detected 
t1bove ambient water quality criteria. ' 

--,. ,~ ,. -;- {. ;,-;:::::;,O 

Table 1. Maximum contaminant levels obs~ed in the groundwat& and Columbia }liver 
surface water near the 100 Area (EPA 1987a, DOE 1987, and Battelle 1988). 

Contaminant 

strontium • 90 
chromium, he,cavalent 
chromium. dlssotvod 

N : ot analyzed 

roundwatiH 
U radiem Down radient 

<0.753 pCW 12.5 pCl/1' 
10.0 µg/1 1,560.0 µotl 

NA NA 

UOlumbla ivo, 
U radient Down radlen1 

0,3-4 pCVt' 
NA 

1.0 µo,1 

2BpCW 
NA 
30.0 µg/1 

• pCVI Ci is tha abbr&viation for the ct1rie , which Is thCJ ottlcial unit of radioactivity, delinod u 3.70 x 1010 
disintegrations per s~nd. Thia docay rato is noarty &quivahint lo that exhibited by one gram of radium in 

uilibdum with its disint ration roducts. A icocurie I is 10·12 CtJrie 

The disposal locations and plumes of contaminated groundwater in the 200 Area cover 
approximately 557 square kilometers (EPA 1987b). Chemical substances used to 
historically process irradiated uranium fuel to recover plutonium and probably disposed of 
in the 200 Arca include several radioactive isotopes, industrial acids and bases, solvents, 
various metal salts. and individual metallic species (DOE 1986). 

,-
Groundwater in the 200 Area was monito~d for tritium, iodinc-129, urnnium. cyanide, 
carbon tetrachloride and several other volatile organic compounds. The surface water 

'I 
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monlcoring program in the 200 Arca of the Columbio. River inch.ided measurements of 
tritium and iodine· 129, HJgh levels of tritium and ur.inium were detected in groundwaltr in 
the :200 area. Tridum was detected in the Columbia R1v~. These levels of radioactivity are 
less than levels observed to be toxic to aquatic organisms (Blaylock and Tntbalka 1978). 
Cyanide was detected in the groundwater at conce:ntrations 1111 order of magnitude above the 
ambie_nt water quality criterion of 22 µyl (EPA 19~) for the protection of mshwater 
mgruusms. , 7 

Trace levels of several volatile organic compounds including chloroform. mtthylene 
chloride and oichlorocthylene were found in the 200 Arca ground water. Concentrations of 
these compounds were well below levels observed to be toxic to freshwater aquatic 
organisms. 11-< ,:: ? 

Table 2. Maximum contaminant levels in groundwater from the 200 Area (EPA 1987b 
an<.1 Battellc 1988). 

roundwater 
Contaminant radiant radlent u f3d1Mit 

tritium <320.0 pCv1 >2,000,000.0 pCl/1 119.0 pCVI 80,800.0 pCVI 
iodine• 129 0.0000!)4 pCi/1 4.89 pCi/1 1.04X10•5 1e.1x10-s 
uranium 1.08 pC"1 \4,900.0 pCi/1 NA NA 
cyanido <10.0µQ/1 1120.0 µg/1 NA NA 
carbc;>n totrachloride <10.0 µg/1 4520.0µQ/1 NA NA 

The disposal locations and plumes of contaminated groundwater in the 300 Area cover 
approximately 13 square kilometers (EPA 1987c). Chemical substances historically used 
in the fuel element fabrication processes in the 300 Area include a few radioactive isotopes, 
industrial acids and bases, solvents, various salts, and individual, nonradioactive metallic 
species. The compounds with the greatest toxicity and longest persistence would be 
uranium, mercury, chromium, and plutonium (DOE 1986). 

Uranium was used as an indicator constituent in the 300 Area and its measurertlent has 
verified groundwater contamination beneath the site. Levels r.mged from 30 pCi/1 to 42 
pCi/1. There have also been observed releases to surface water via springs along the river 
bank which are known to discharge into the Colmnbia River (Battelle 1984b). These levels 
of radioactivity are less than levels observed to be toxic to aquatic organisms (Blaylock and 
Trabalka 1978). 

1100Area 

The chemical constituents associated with the maintel\arn;e and operation activities in the 
1100 Area arc sulfuric acid, lead, and ethylene glycol (EPA 1987d). Through 1986, DOE 
had not detected any radionuclide contaminants in groundwater in the 1100 Area (DOE 
1986). Of particular concern in this area, however, is the depth to groundwater. The 
unconfined aquifer is within 4.2 meters of the bottom of the sand pit and the underground 
tank. 

PNRS : Hanfmd 
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Radionuclide Toxicology 

The major radionuclidcs detected in groundwater and ~urface water samples collected from 
Are.as 100,200, and 300 were tritium, iodine-129, strontium-90. and uranium. The 
activities of these radionuclidcs were reported to mnge from 4.89 pCi/1 for Iodine-129 to 
1.600,000 pCi/1 for oiriwn (Tables 1 and 2). The toxicity of the radionuclides can resuJt 
from both their chemical and radiological characteristics. The results from a nwnbtt of 
studies demonstrate thnt developing fish eggs are particularly sensitive to the effects of 
incorporated radionuclides (i.e., radionuclidcs taken•up into the tissues through transport 
across membranes) (Table 3). 

The lowest radiologic:tl activities reponed to elicit significant biological responses in 
embryonic fish was 200 pCi/l for strontium-90, 25,000 pCi/1 for cesium• 137. 2.6x109 
pCi/1 for plutonium-238, 1.2x 1 ~ pCi./1 for uranium-238 and 1 ()9 pCi/1 for tritium. None of 
the values observed in groundwater or surface waters of the Columbia River arc above 
these levels. However, because a number of radionuclides may be present in the Columbia 
River, their additive radiological effect as well as their potential chemical toxicities must be 
considered. 

A number of studies have investigated the ch~aucal to~city of UI1Ll'UUm-238 to aquatic 
organisms. Acute toxicity of uranium in Columbia River water was observed at 6 mg/L 
using Daphnia magna. Acute toxicity was found to diminish as hardness increased. D. 
magna reproduction was suppressed in Columbia River water at uranium concentrations 
between 0.5 and 3.5 mg/l. Based on the specific activity of uranium-238 (present to the 
extent of 99.28% by weight in natural uranium) of 3.3 x 105 pCi/g (Eisenbud 1987), D . 
magna would have been exposed to an activity of 1,980 pCi/L at a concentration of 6 
rng/L. Concentrations an order of magnitude above th.is (14,900 pCi/1) were detected in the 
groundwater beneath the 200 Area of Hanford. Reduced growth (28%) in the marine 
amphipod Allorchesres compressa was found at 2 mg/1 (Ahsanullah and Williams 1986). 
The toxicity of uranium to brook trout was observed between 23 mg/I and 59 mg/I at a 
water hardness of 200 mg/I CaC03 (Parkh~t et al. 1984). 

The concencrations of radionuclides detected at the Hanford Site were presented as the 
activities rather than as chemical concentrations. Little information is available concerning 
the chemical toxicity of the radionuclides. It is not known if chemical concentrations in the 
groundw:iter or surface waters of the Columbia River arc toxic to NOAA trustee resources. 
However, strontiu~ tritium, cesium, and iodine are relatively abundant elements in nature. 
Strontium, cesium, and icx:line are found naturally in animal tissues and strontium and 
iodine are rrace nutritional elements necessary for a number of physiological processes 
(Casarett and Doull 1975). 

818 
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Table 3. EffccL~ of Incorporated Ra.d.ionuclides on Developing Fish Eggs (Blaylock and 
TrabRlka 1978). 

RadionuciidU SlllQII 
Md Exposure Ccnc11ntratlon Biolo,;i lcal End Point 

Tost Orgsnl1m, C.Omm900Gd (pCa.)" and Ob• erved EHects 

~. -
SlmOlium ~ 

Anchovy Shortly altar 2x104 Hatchlng-dacru.1\ld 
(£flgrtwlis IIH1Illzstlon :2x 104 Gt0wth re1•-felan:f~ 
9ncruicholul ) 2x102 Abnormalitl11-illCt0.5od 

Rock Bus Shortly attor 2x1o' Hatchir\Q•no alf ec1 
(S11rrattu, !Jeri)• ) fertlllUtlon 2x10-' Growth rata,rttatded 

Ruff Developing eggs 1x103 Chromosom• break11,inerU$&d 
(Sco~~na 

pon:v,) 

Atlantic salmon Sixth .ta;• Sx1o3 Deeth of fry and ,mbryOJ1- ine,ueed 
(Salmo SAIN' ) 

Pink salmon Fartillzed egg 1x108 02 e¢ntumption-<ll\pr11uad 
( OncorhynchU9 

. gortx.i,cha ) -
Cupian salmon Early stag• of 1. 75x 106 Monattty-incruud 

rlnvalopment 

Whito Stu"91>0n Early stage of 1.1sx108 Oz 00ntumption-depro1n:9d 
(Ao'~n5er dovelopmont 

transmantanus ) 

~sium 137 

Atl11ntlc salmon Si.(th stago 2.5Xlo3 Death of fry and 11mbrr·o9- incru;~ 
{Salmo saw l 

ehrumi~ 

Carp lmmediataty 7.Sx109 Hatchlng-docrus&d 
( Cyprinu, carpio ) attor 3.9x109 Abnormalitles-incroasod 

fwrtilltat lon 

Fathead minnow Blastula 1.3x100 Halching-docreasQd 
(Plm~ha/8~ 2.6,<108 Abnormalltlos-incr9ased 

prom•w l 

Pink salmon Fertlllzed 800 1x10B Oz Consumptlon-doprusod 
( Oncor hynch11A 

aorbuscha ) 

PNRS: Hanford (, 
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Table 3 (continued) 

Riadion~, Stage 
iand Expo,vro CQnc•nirallon Blo~ie-al Enti Point 

T.a1 Org011ism11 Commerced (pC~)' and ttrvtd Effe<:t1 

--
.Toti.um 

Sticklebl'Jl:k lmm~ialtly 2.x1012 Mortality- no efleci 
( Gastfilro$/Pu, altar 2)(1012 Abnorma.litlts·no elhv..11 

ll:.V~S) fertilitatlon h101Z Eyt cJlam.t•r-reduc~ 

Puffer 
(rvgu niphobl11s) 

2~eU Gtlgt 1x1010 Hatchlng-docreased 

Rainbow trovt 6 hrs. 11fttr 1x109 Immune rupon1e of try • 
(Sa/mo oairr::/11.rt ) f ertiliutior, IUODrHUd 

U!.aohlm 

Carp lmm~dlately 6.0x100 Hatchlfl(J-dqc:ru1ed 
( Cyprinu5 e1trplo) after t.2x10~ 

Ahnormalitles-incrused 
fertiliza1lon ·-

Fathtad minnow Blutuhl s.ox108 Hatehlng-<l&el9PS~ 
(Pim#¥'hni.s 2.ox,08 Abnormalltltt-lnc:1used 

t>TOmo/8j) 
• pCl/L: GI is tM abbraviatk>n tor tht curie, which it the omcial unit of radloaetNity, def in~ u 

3. 70 l( 101 O dlslnt8Qratlont per seool"ld. Plooourle ce>Ci\ it 1 o-12 curia. 

Extent or Contamination 

Monitoring programs have detected low levels of radioactive constitucntS in the ground 
water at the 100, 200, and 300 Areas of Hanford over large areas of the site (approximately 
600 square kilometers). Very low levels of radioactive constituents have been observed in 
the Columbia River near the 100,200, and 300 areas. Higher levels of radionuclides may 
have been observed in the aggregi-ate Meas, but not used in the Hazard Ranking System 
scoring for the sites (Bennett, personal communication, 1988). 

Complete characterization of the site has not been performed. Current monitoring 
programs have not measured all of the radioactive constituents that have infiltrated to the 
groundwater from the site. Full characterization of radiological activity as well as chemical 
concentrations has not been performed. Inorganic and organic contaminant.S historically 
used at the site areas were also not monitored for. No systematic investigations of surface 
water and sediments have been performed on the Columbia River in the Hanford Reach. 

Duration or Contaminant Release 

Since the Hanford site has been opernting since t 943, the disposal of waste rndionuclides 
and 01her contaminants may have occurred for 45 years. 

- • · - - •• " · ..JI 7 
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TRUST HABITATS AND SPECIES IN SITE VICINITY 

Habitat., and Speci~ 

Chinook, coho, sockeye salmon and steelhead trout use Hanford Rea.ch a.-. spawning 
grounds, nursery areas, foraging areas, and~ :i migratory corridor (Fickeisen et al. 1980: 
Becker 1985). From 1980 to 1984 between 99,166 and 183,876 adult wmonids used this 
critical habitat each year. 

Hanford Reach, the only remaining free-flowing stret.eh of the Columbia River, providt!s 
the only significant spawning grounds in the river for fall chinook solmon and stceU1ead 
trout (Fickcisen et al . 1980; Becker 1985). From 1960 to 1984, the number of redds 
observed in the Hanford Reach increased from 295 to 7,310 (Becker 1985) (Figure 2), 
representing a fifteen-fold increase since 1960 in fall chinook spawning in the Hanford 
Reach (based on a pre-McNary Dam mean of 500 re.cids). This increase is attributed to the 
loss of upstream spawning grounds after the construction of the Priest Rapids Dam and to 
the upstream trans location of fish whose spawning grounds were inundated by dams below 
Hanford (Becker 1985). Recent field investigations of redd distribution in the Hanford 
Reach indicat.ed that substantial spawning occurred in deeper water areas not previously 
identified by aerial surveys (Swan et al. 1988). 

Four major fall chinook salmon and steelhead spawning grounds have been identified in 
Hanford Reach: the Vemit.a Bar, Coyote Rapids, \Vhite Bluffs and the Wooded Island 
stretches of the river. The latter three areas arc adjacent or near the Hanford site areas 100 
and 300 (Fickeisen et al. 1980; Becker 1985) (Figure 1). Spawning activity occurs for 
over a six month period with fall chinook salmon spawning from September to mid-
November and steelhcad spawning from February through May (Figure 3). The upriver ( 
fall chinook stock, which spawns in the Hanford Reach, conaibutcs to sport. commercial . 
and Indian fisheries in the Columbia River and in coastal waters from the Columbia River 

---· - -

mouth to southeast Alaska. In addition, it is one of the key stocks addressed in the U.S . -
C-..anada Pacific Salmon Treaty. 

Hanford Reach provides critical nursery and foraging habitat for juvenile fall chinook. 
salmon and steelhcad over the entire year (Fickcisen et al. 1980; Becker 1985) (Figure 3). 
Back water sloughs, nearshore pools and other areas in close proximity to the shore are 
used e,ctcnsively by juvenile salrnonids (Fickeisen et al. 1980). Juvenile fall chinook 
salmon use this habitat for up to six months between March and August before 
outmigration. Steelhead juveniles may over-winter in the Hanford Reach, so are present 
over the entire year. Juvenile spring and summer chinook, coho, and sockeye salmon use 
upstre:im tributary streams as nursery areas and use the Hanford Reach in the vicinity of the 
site as a migratory corridor. 

Hanford Reach provides foraging habitat and a migratory corridor for ail of the salmonids. 
(Fickeisen et al. 1980; Becker 1985). Adult chinook salmon can be found in the Reach 
qom mid-February to mid-December while adult steelhead are present over th" entire · .. ..,r 
(Figure 2). Adult chinook salmon and steelhcad are found in Hanford Reach ·- 'c)n?. 
periods due to several distinct genetic stocks which migrate to spawning grou, , 01 

different periods of time. Chinook salmon in the Hanford Reach are comprise<l 1.· :· • : • 

summer and fall arriving stocks and steelhead are comprised of summer and winter -· ;:g 
stocks. Coho salmon ~ present in the Reach from September through December arn .. : 
sockeye salmon are present from July through August. Spring and summer chinook, coho 
and ~ockeye salmon do not spawn in the Hanford Reach but use it as a migratory corridor 
to upstream tribuury streams of the Columbia River. 

PNRS: Hanford 
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Chinook, coho. sockeye salmon and Sleelhead n-out use H11I1ford Reach as spawning 
grounds, nursery areas, foraging arcu, and as a migratory corridor (Fickeisen et al. 1980: 
Becker 1985). From 1980 to 1984 between 99,166 and 183,876 adult wmonids used this 
critica.l habitat each year. 

Hanford Reach, the only remaining free-flowing stretch of the Columbia River, provides 
the only Sii11fficant spawning grounds in the river for fall chinook sn.lmon and steeU,ead 
trout (Fickeisen et al. 1980; Becker 1985). Front 1960 to 1984, the number of red.di 
observed in the Hanford Reach increased from 295 to 7,310 (Becker 198S) (Figure 2), 
representing a fifteen-fold increase since 1960 in fall chinook spawning in the Hanford 
Reach (based on a pre-McNary Dam mean of 500 recids). This increase is attributed to the 
loss of upstream spawning grounds after the construction of the Priest Rapids Dam and to 
the upstream translocation of fish whose spawning grounds were inundated by dams below 
Hanford (Becker 1985). Recent field investigations of redd distribution in the Hanford 
Reach indicat.ed that substantial spawning occurred in deeper water areas not previously 
identified by aerial surveys (Swan et al. 1988). 

Four major fall chirtook salmon and steelhead spawning grounds have been identified in 
Hanford Reach: the Vemita Bar, Coyote Rapids, 'w'hite Bluffs and the Wooded Island 
stretches of the river. The latter three areas are adjacent or near the Hanford site areas 100 
and 300 (Fickeisen et al. 1980; Becker 1985) (Figure 1). Spawning activity occurs for 
over a sbc month period with fall chinook salmon spawning from September to mid­
November and steelhead spawning from February through May (Figure 3). The upriver 
fall chinook stock, which spawns in the Hanford Reach, contributes to sport, commercial, 
and Indian fisheries in the Columbia River and in coastal waters from the Columbia River 
mouth to southeast Alaska. ln addition, it is one of the key stocks addressed in the U.S. -
C..anada Pacific Salmon Treaty. · 

' - - --: ~ .. .. ,...;,.,.-21 nniv:rv and foraging habi~t for juvenile fall chinoolc 
. - -- - • . ,noc, tt:im1Nt 1\. 
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Two artificial rearing facilities on Hanford Re~h plant sn.lmonids in the Columbia River. 
As 1111lny as 20 million juvenile chinook salmon and steelhead trout are planted in Hanford 
Ren.ch each year (Becker 1985). 

American shad may use Hanford Reach as a spawning ground nnd nursery although not in 
great numbers (Gray and Dnuble 1977). White sturgeon use the Hanford Rtach as :1 
spawning ground, nursery area and adult habitat. It is not known if sturgeon in. Hanford 
Reach are ana.drornous, since sturgeon populations :ibove the Bonneville Dam are 
considered landlocked (Fickeisen et al. 1980). 

Contaminants in llnl>itats and Species 

Radionuclides are known to bioaccumulnte in the tissues of aquatic organisms adding food 
chain impactS as another potential route of exposure for these contaminants. Boneles!; 
fillets of whitefish and bass from the 100 Area along the Hanford Reach were analyzed for 
cobalt-60, strontiuru-90, and cesiwn-137 with the remaining carcasses analyzed to estimate 
strontium-90 levels in bone. Cesium-137, strontium-90, and cobalt- 60 were detected in a 
few of the white fish muscle samples collected along the 100 Area, as well as uvstrcam of 
the site nw the Priest Rapids Darn, but there were no statistical differences between the 
two locations. Strontium-90 in whitefish carcasses, however, was measurably higher in 
samples collected from the 100 Area than in samples collected upstream of the site. 
Samples of bass muscle and carcasses collected from the slough near the 100 Area showed 
concentrations similar to those measured in whitefish also collected near the 100 Area 
(Ratte He 1987). Anadromous fish, juveniles, or eggs have not been sampled. 

Bioconcentration factors (BCFs) have been detennined for some of the radionuclides in ( 
various aquatic organisms (Blaylock 1982). Of the piscivorous fish analyzed, 
bioconcentration factors ranged from <l,,f-0r uranium, approximately l for tritium, 125 for 
strontium,90 and over 1,000 for iodinef.!2_0.(Table 4). It is not known to what extent 
tissue burdens of radioactive constituents? ffect fish species. 

Ui 

Table 4. Range of bioconcentration factors for Strontium-/90, Iodine 131, urnniwn, and 
tritium (Blaylock 1982). 

1
:: 1 • 

01QCOncentrn110n ractor 
Biota Strontium,90 lodin~( 190 Uranium Tritium 
Fish ~ -

Plscivorous 1.3-12, 7.9-1, 109 0.5-0.7 M10 
Planktlvorou1 28 NA 8 -1 
Omnivorou1 o.7-198 ~S-50 0.7-38 ..-1 

Benthlc inver1ebratu 300•720 ,so--450 2-33,500 -1 
It has b$en detarmin&d that the 8CF for tritiurn is ~1 . Toa biological hatf-lila of tritium in fish 11 <1 day; thus 

1h11 concentration of tri1Ium in fish will follow ciosel the concentration of trttiurn in ambient water. 
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